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Recent national surveys have chronicled the progress of microcomputer diffusion 
and adoption in our nation's schools (Becker, 1983; 1985). In 1983 the majority of 
elementary schools in the United States had at least one microcomputer, but few had as 
many as five. Two years later most of the schools reported having five or more computers, 
with over 7 ,500 housing more than 15 (Becker, 1985). 
In many instances introduction of computers in the schools has been the result of 
marketing strategies designed to manufacture teacher "excitement" by broadly advertising 
largely undocumented potential effects of microcomputer applications (M. Semmel, Cos-
den, D. Semmel, & Kelemen, 1984). The consequence has been a rate of technology 
adoption in our nation's schools that clearly exceeds the accrual of empirical evidence 
on the impact of the innovation. In fact, a general conceptualization is lacking to assist 
educators in prioritizing the importance of empirical questions that require study. Both 
researchers and practitioners are becoming aware of the complexities when attempting to 
operationally define the simple effects of microcomputer applications on various learner 
populations in various educational environments (M. Semmel, D. Semmel, Cosden, 
Gerber, & Goldman, 1983). 
TRADITIONAL INVESTIGATIONS OF MICROCOMPUTER EFFECTIVENESS 
Initial empirical efforts to determine the effects of microcomputer applications emu-
lated prior efforts associated with determining the impact of computer-assisted instruction 
(CAI) delivered through mainframe computers (Edwards, Norton, Taylor, Weiss, Dussel-
dorp, 1975; Vinsonhaler & Bass, 1972). Earlier researchers contrasted the benefits of 
CAI with standard teacher-based instructional delivery modes. Classically, dependent 
variables focused on differentiating relative pupil academic gains, the relative efficiency 
of learning, and cost effectiveness of CAI applications for regular education students. 
Hence, CAI was viewed as a simple intervention variable to be compared with standard 
educational treatments. Investigations of computer effects with mildly handicapped stu-
dents generally have followed the conceptual patterns and designs alluded to above. 
In a recent review of this literature, the present authors (Lieber & Semmel, 1985) 
found that studies comparing CAI to instruction delivered by a teacher revealed equivocal 
results. For example, one study found CAI to be superior (Watkins & Webb, 1981), and 
two found no difference (Carman & Kosberg, 1982; McDermott & Watkins, 1983). Two 
studies that compared a task on the microcomputer to the same task using paper and 
pencil had similarly inconsistent findings. One found that the paper-and-pencil task led 
to better performance (Varnhagen & Gerber, 1984), and the other found generally no 
difference but more work accomplished with the microcomputer (Kleiman, Humphery,. 
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& Lindsay, 1983). 
A number of workers in the field have challenged the 
fruitfulness of simple comparative research in determining 
the effectiveness of microcomputer instruction. Clark 
(1983), for example, argued that microcomputers are the 
"vehicles that deliver instruction but [they] do not influence 
student achievement any more than the truck that delivers 
our groceries causes changes in our nutrition" (p.445). He 
suggested that the positive outcomes attributed to learning 
from media are as likely to be the effects of novelty, or the 
effects of the different instructional methods and curriculum 
content used by the software and the comparison teacher. 
Given the equivocal results of the comparative treatment 
studies and the conceptual criticisms of viewing CAI as a 
composite instructional variable, to continue to design re-
search in special education that compares generically defined 
traditional instruction with poorly specified CAI would ap-
pear inadvisible. More pertinent, the widespread adoption 
of computers in classrooms demands data-based answers to 
focused questions that assure building a validated network 
of interrelated knowledge with direct implications for op-
timizing the educational effects of computer applications 
with handicapped pupils. We must focus on how computers 
are allocated to various educational environments and how 
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they are configured through instructional delivery systems. 
We must understand the role of these variables in determin-
ing how mildly handicapped pupils access, use, and benefit 
from technology applications. Hence, a conceptual model-
one that guides the study of both distal and the more proximal 
factors associated with achieving instructional objectives-
clearly is needed to guide the study of these complex relation-
ships. Ultimately, research on microcomputer applications 
with mildly handicapped pupils must lead to validated 
specification of the molar and molecular service delivery 
variables necessary for maximizing desired academic and 
social outcomes for learners. 
A MODEL FOR STUDYING MICROCOMPUTER 
EFFECTS ON MILDLY HANDICAPPED LEARNERS 
Researchers at the University of California, Santa Barbara 
(M. Semmel et al., 1983) recently developed a comprehen-
sive path model to guide a four-year federally funded re-
search program-Project TEECh (Technology Effectiveness 
with Exceptional Children)-designed to study the effects 
of microcomputer technology in special education contexts. 
The path model (see Figure 1) shows the hypothesized distal 
and proximal causal chains involved in the allocation, deliv-
ery, and use of technology by pupils. Among the links that 
are most proximal to educational outcomes are: (1) the attri-
butes of the learner and his or her peers, and (2) the specific 
characteristics of the instructional setting, which combine 
to form the MicroEducational Environment (MEE). 
As depicted in the model, the MEE is defined by a number 
of contextual variables including the technological config-
uration and architecture of the hardware, instructional con-
tent of the software, teacher effectiveness, administrative 
arrangement (e.g., resource room, special day class), how 
children are grouped for instruction, and the cognitive and 
personality characteristics of the target student and his or 
her peers. Thus, the effects of microcomputer instruction 
are hypothesized to result from a complex interaction of 
mediating variables. Only through a systematic examination 
of these variables can we spedfy the conditions under which 
particular microcomputer effects can be expected for various 
populations of elementary school users. 
In the remainder of this article, we utilize this conceptuali-
zation and begin to specify selected MEEs for mildly hand-
icapped and nonhandicapped elementary school pupils. We 
begin with a review of survey data describing how micro-
computers currently are being used in classrooms that serve 
mildly handicapped students. The review brings us to a 
discussion of important experimental investigations that log-
ically followed from the findings of the survey studies. 
These studies, which were related primarily to mathematics 
content, systematically varied the facets of MEEs toward 
determining specific instructional effects on mildly hand-
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icapped elementary school pupils. We conclude with a 
number of inferences, drawn from the empirical work re-
viewed, that may · assist teachers in maximizing specific 
academic and social outcomes for mildly handicapped stu-
dents through microcomputer applications. 
INSTRUCTIONAL USES OF MICROCOMPUTERS 
IN ELEMENTARY SCHOOLS 
Microcomputer technology has been described as re-
volutionary, with the capability of transforming the class-
room into an environment in which students create their 
own businesses, navigate the Oregon Trail, watch a volcano 
erupt, and determine how pollution affects organisms in a 
pond (Lesgold, 1983). Although software packages have 
been created to simulate those environments, in reality the 
majority of microcomputer-based instruction delivered to 
both handicapped and nonhandicapped learners in class-
rooms is more conventional. 
Use with Normally Achieving Children 
In a survey reported by Becker ( 1985), a majority of the 
teachers surveyed indicated that computers in their schools 
were used primarily to deliver instruction in basic skills. In 
addition, over half of the elementary teachers believed this 
application to be the most promising use of microcomputers. 
In a more limited study, Littlejohn, Ross, and Gump (1984) 
found that microcomputers were used "almost exclusively 
as a tutor for drill and practice activity" (p. 5). Additionally, 
these investigators reported that teachers maximized the 
number of students who had access to the computer by 
scheduling limited per-pupil time on the computer and by 
having pairs of students work together on the computer. 
Littlejohn et al. inferred a relationship between the deci-
sion to use drill-and-practice programs and the teachers' 
strategy to maximize student access to the computer. Other 
reasons for limiting the computer to drill-and-practice use 
were derived from the direct observation portion of the study 
and through further teacher questioning. Littlejohn et al. 
indicated that teacher supervision of the microcomputer area 
was limited and that the teachers viewed the microcomputer 
as something they needed to "squeeze into their already full 
schedule" (p. 5). Certainly teachers with little time to devote 
to the computer have less difficulty using it to deliver drill-
and-practice tasks than using it to teach programming or 
word processing. Drill-and-practice programs also can be 
utilized by teachers with little computer knowledge of their 
own. 
Use with Mildly Handicapped Learners 
A survey designed specifically to examine microcomputer 
access and use patterns with mildly handicapped learners 
was administered by Project TEECh researchers (D. Sem-
mel, Goldman, Gerber, Cosden, & M. Semmel, 1985), who 
questioned special day class teachers, resource room 
teachers, and regular education teachers with mildly hand-
icapped students mainstreamed into their classrooms. This 
survey sampled over 200 teachers in a four-county region 
in Southern and Central California. Additional descriptions 
of mildly handicapped learners' use of microcomputers were 
generated through an observational study (Cosden, Gerber, 
D. Semmel, Goldman, & M. Semmel, in.press) conducted 
in 90 special education and regular education classrooms. 
Instructional Use of Software 
In findings similar to those from regular education sur-
veys, Semmel et al. found that 96% of the teachers used 
microcomputers at least in part for drill and practice. Fewer 
teachers used the computer for other instructional purposes. 
Approximately two-thirds of the teachers used microcomput-
ers for games or for instruction in computer use, 40% for 
programming and tutorials, and 25% for writing and simu-
lation activities. These data represent combined percentages 
over all teachers. Teacher groups, however, varied consid-
erably in some instructional purposes. A substantially larger 
portion of regular education teachers used the microcompu-
ter for instruction in computer use, programming, tutorials, 
and simulations. Special day class teachers used games more 
frequently than did either resource room or regular education 
teachers. 
These findings were confirmed in the observational study 
(Cosden et al., in press). Most of the software programs 
used across instructional settings had a drill-and-practice 
format, and the subject area observed most frequently was 
mathematics. Although the subject area and instructional 
format of software programs observed did not vary widely, 
the actual programs used varied considerably. In fact, the 
205 study participants were observed using over 130 differ-
ent software programs. 
Grouping for Instruction 
D. Semmel et al. (1985) indicated that in delivering com-
puter instruction teachers primarily used a small-group con-
figuration (86%). The next most frequently used configura-
tion was individual, as reported by 70% of the respondents. 
Administrative arrangements, however, differed. Resource 
room teachers preferred to assign children to work individu-
ally in preference to small groups (89% compared to 81 %), 
whereas regular class teachers used a small-group configura-
tion much more frequently than an individual configuration 
(95% compared to 67%). 
The pattern of grouping was cross-validated in direct ob-
servation (Cosden et al., in press). The majority of both 
handicapped and nonhandicapped students in the mainstream 
worked in small, homogeneous ability groups (55% and 
59%, respectively), but a significant number also worked 
individually (34% for handicapped; 35% for nonhandicap-
ped). In resource rooms and special day classes patterns 
were different. In these settings mildly handicapped students 
worked at the computer primarily by themselves (81 % and 
58%, respectively). D. Semmel et al. (1985) suggested that 
children are assigned in groups to maximize access to a 
limited number of microcomputers, and individual assign-
ments frequently relate to the fact that many software pro-
grams are designed for children working alone. 
Purposes for Which Teachers Use Microcomputers 
Both regular education teachers and special education 
teachers reported that they used microcomputers predomin-
antly to supplement the current lesson. This substantiates 
the hypothesis that teachers use drill programs frequently 
under the assumption that pupils · have learned the skills 
presented in the program and need practice to achieve au-
tomaticity. For special education teachers, individual re-
mediation was the second most frequently cited purpose for 
microcomputer applications; it was cited last for regular 
education teachers. Special education teachers may use the 
individual configuration more than their regular education 
counterparts since the former are trained to prefer "indi-
vidualized instruction." Of particular interest was that the 
special education teachers listed recreation as the third pur-
pose for which they used microcomputers, and teaching new 
skills as their lowest preference. Regular education teachers 
ranked these purposes second and third, respectively. 
In summary, both the survey data and actual observation 
clearly show that the overwhelming use of computers in the 
classroom is for drill and practice. Teacher reliance on this 
particular instructional application of software may be a 
result of the nature and limited duration of the programs, 
which allow more students to have access to the computer. 
In addition, since the software is designed to provide practice 
on information previously presented, relatively little teacher 
supervision is demanded. Hence, teachers are free to work 
with other children. Drill-and-practice programs are also 
compatible with other, more personal, agenda that teachers 
may have. Computers represent a new technology, and some 
teachers are unfamiliar and even uncomfortable with them. 
Drill-and-practice software programs allow adults to utilize 
the technology in an undemanding way that requires little 
computer knowledge. 
Teachers may have managerial or organizational reasons, 
unrelated to instructional objectives, for assigning mildly 
handicapped children to the computer for drill-and-practice 
work. The Project TEECh researchers observed that mildly 
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handicapped learners generally attend to computer-presented 
stimuli but may demonstrate relatively high error rates on 
drill-and-practice programs that are accompanied by very 
low rates of teacher monitoring. The primary instructional 
motivation for assigning mildly handicapped learners to 
microcomputer-delivered drill-and-practice tasks must be to 
build high rates of correct responding to already learned 
material (automaticity). Children who have not yet learned 
the basic facts that they are assigned to practice on a drill 
program will in effect be subjected to a relatively poor basic 
skills teaching program. 
MICROEDUCATIONAL ENVIRONMENTS: 
INSTRUCTIONAL FORMATS 
Drill-and-Practice Microcomputer Programs: 
Pros and Cons 
Although drill-and-practice programs are the most fre-
quently used software in schools, they also are the most 
criticized. Hofmeister (1984) suggested that this criticism 
may be justified because of the large volume of poorly 
written products developed by beginning programmers. 
These programmers write drill-and-practice routines because 
they are short and do not require sophisticated programming 
skills. The result is software that "confuse[s] the naive user, 
anger[s] the sophisticated user, and embarass[es] the authors 
as they become more skilled in CAI development" (Hofmeis-
ter, 1984, p. 9). 
Other criticisms relate to the limited instructional value 
of drill and practice. Russell (1983) suggested that computers 
should motivate by providing instructionally compelling 
content. She argued that drill and practice programs offer 
a "dizzying display of speed, color, motion, and sound" (p. 
38), which are highly motivating but are "devoid of learning 
potential'' (p. 38). Turkel and Podell (1984) object to the 
stimulus-response nature of drill-and-practice software in 
which students are passive recipients rather than active in-
itiators of learning. Similar objections are raised by Garson 
(1983), who adds that workbooks provide an alternative to 
computerized drill and practice that is cheaper and allows 
students a more active role in the process of learning. These 
objections to drill-and-practice learning represent the posi-
tion of proponents who advocate the computer for explora-
tory, discovery-based, inductive learning (Lepper, 1985). 
In contrast to critics of drill-and-practice software, it also 
has strong supporters (Gagne, 1983; Lesgold, 1983), par-
ticularly those who advocate its use with mildly handicapped 
students (Hofmeister, 1984; Torgesen, 1984) who typically 
are deficient in basic reading and math skills. Torgesen 
( 1984) argued that handicapped children do poorly in reading 
and math because they may have failed to master the com-
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ponent processes required to understand text and solve com-
plex math problems. These component processes are mas-
tered only when children are both accurate and rapid in their 
retrieval. Making retrieval automatic requires extensive 
practice for which drill-and-practice programs delivered 
through a computer are ideally suited. Students are highly 
motivated to work at computers (Lepper, 1985), and com-
puters have the capacity to monitor both the speed and 
accuracy of students' responses (Torgesen, 1984). Com-
puters are beneficial, therefore, for encouraging adequate 
amounts of practice and for allowing teachers to know when 
practice has been sufficient. 
Game Formats in Drill-and-Practice Software 
Even among those who. advocate drill-and-practice pro-
grams, they disagree as to whether drill should be presented 
in an unadorned fashion, like a mechanized flash card, or 
be embedded within the structure of a game. Game elements 
are incorporated into drill-and-practice software for their 
motivational qualities (Chaffin, Maxwell, & Thompson, 
1982; Malone, 1981). These motivational elements, de-
scribed by Malone (1981), include an explicit goal, score 
kept by the computer, audio effects, randomization of ele-
ments, and a relationship between speed and outcomes. 
Project TEECh researchers (Christensen & Gerber, 1986), 
however, have suggested that the very attributes used to 
enhance motivation may compete for the attention necessary 
to learn the task, which, in tum, limits automaticity. Suffi-
cient attention to task seems particularly critical for mildly 
handicapped learners, who typically are defined as deficient 
in this area (Hallahan & Reeves, 1980). 
Comparison of Two Drill-and-Practice Programs 
Christensen and Gerber (1986) addressed the issue of 
software design by comparing progress toward automatically 
in single-digit addition for learning disabled and nondisabled 
children using two different drill-and-practice programs. 
One program, Alien Addition (Chaffin & Maxwell, 1982), 
presents single-digit addition drill in a game format. The 
researchers indicated that Alien Addition contains many of 
Malone's (1981) criteria for game preference but added that 
it also contains distracting visual and auditory elements. 
Also, game playing strategies that must be adopted to play 
the game well divert attention from identification of correct 
answers to problems. 
The comparison program, entitled Plain Vanilla, was de-
veloped by the TEECh group (Christensen, 1985) and con-
tains only the essential aspects of the instructional task. 
Plain Vanilla presents a single addition problem in horizontal 
form (e.g., 3 + 4 = ). The learner's response to the 
problem is followed by a corrective feedback statement 
(e.g., "That is correct."), which flashes on the screen with 
an accompanying tone. 
The research examined comparative performance of 30 
learning disabled and 30 nonlearning disabled students who 
had not yet developed automaticity in single-digit addition 
facts. These learners were assigned randomly to training 
using the Alien Addition or Plain Vanilla program. Depen-
dent measures included: (a) number of correct responses on 
a timed written test, (b) response latency on an oral addition 
test (with problems presented by the computer), and (c) 
response latency on a keyboard addition test. 
Christensen and Gerber ( 1986) found that under all three 
response conditions learning disabled children trained on 
Plain Vanilla performed significantly better than learning 
disabled children trained on Alien Addition. One explanation 
for the relatively poor performance of learning disabled chil-
dren using Alien Addition could be their inability to selec-
tively attend to the drill rather than to the program's game 
aspects. On the other hand, software design characteristics 
appeared to have relatively little differential effect on the 
performance of nonhandicapped learners. 
The investigators also addressed the comparative motiva-
tional attributes of the two programs. Chaffin and Maxwell 
(1982), in their design of Alien Addition, linked the arcade-
like characteristics of the program to student involvement 
and persistence. In tum, Christensen and Gerber 
operationalized these attributes (i.e., student involvement 
and persistence) as amount of practice ( or correct problems 
accomplished) for each program. Results indicated that stu-
dents working on Plain Vanilla practiced significantly more 
problems over the total number of computer sessions than 
did students working on Alien Addition. The researchers 
concluded that if we accept Chaffin and Maxwell's definition 
of motivation as a willingness to perform the instructional 
task, Plain Vanilla was a more motivating program than 
Alien Addition for the students in this study. 
In considering the value of drill-and-practice computer 
programs, it is important to note that students made substan-
tial gains in automaticity. Over the course of the study, 
pupils were at the computer for only 78 minutes, yet aver-
aged 22% more responses on the written posttest and reduced 
their latencies by 13 % on the oral posttest. As stated by the 
authors: 
Typically, teachers in the school district in which the study was 
conducted allocated forty minutes for math instruction each day. It 
appears that computerized drill and practice provides an extremely 
efficient form of instruction. Over the course of the study, students 
practiced addition facts for what amounts to only two days of math 
instruction and yet they made outstanding progress in acquiring pro-
ficiency in the skill. (Christensen & Gerber, 1986, p. 109) 
Clearly, if teachers have defined the development of au-
tomaticity as a goal for their students, computerized drill 
and practice is an efficient and effective way to provide that 
practice. The Project TEECh researchers caution, however, 
that drill and practice must be integrated into the curriculum 
and used at the appropriate time. The contrasted programs 
did not aid children in a conceptual understanding of addi-
tion, nor did the programs assist them in generating the 
correct answer if that answer was not known. Similar nonem-
pirically-based caveats were mentioned by Hofmeister 
(1984), who stated that drill-and-practice programs are most 
effectively used after concepts related to the skill have been 
taught, and prior to application of those skills to higher 
levels in the curriculum hierarchy. 
MICROEDUCATIONAL ENVIRONMENTS: 
GROUPING FOR INSTRUCTION 
In studies that surveyed both regular and special education 
teachers (Littlejohn et al., 1984; D. Semmel et al., 1985), 
microcomputer instruction was most often delivered to chil-
dren working in small groups. Everhart, McCarthy, and 
Simpson (1985), another Project TEECh team, utilized 
ethnographic data and corroborated the survey finding that 
teachers may use different configurations for managerial or 
organizational rather than instructional reasons. But there 
is strong reason to believe that group instruction may be 
associated with important cognitive and social objectives 
for mildly handicapped children. 
Cognitive Benefits in Cooperative Learning Groups 
Evidence for a relationship between working in groups 
and academic growth for mildly handicapped learners comes 
primarily from research in the area of cooperative learning 
(e.g., Armstrong, Johnson, & Balow, 1981; Cosden, Pearl, 
& Bryan, 1985; Madden & Slavin, 1983; Slavin, Madden, 
& Leavey, 1984; Smith, Johnson, & Johnson, 1982). These 
studies compared academic outcomes for children who 
learned individually versus children who learned in groups. 
Characteristics of learning in a group included both task 
interdependence and group reward. Results showed gener-
ally that children performed better academically when they 
worked in cooperative groups. 
Several researchers have proposed models to account for 
superior learning in groups. Slavin (1983) suggested that 
cooperative learning is successful in producing gains in stu-
dent achievement when specific group rewards are given 
based on the individual learning of group members. Specific 
group rewards increase the probability that students will 
help one another. Slavin believes that help will focus on 
explaining rather than providing an answer, because if all 
group members do not understand the material, the group 
will fail. Motivation to ensure that all group members learn 
therefore is provided by the desire to achieve the reward. 
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Other mechanisms to account for superior learning in 
groups are provided by Webb (1982). She has suggested 
that the verbal interactions occurring within groups lead to 
"cognitive restructuring" and a superior understanding of 
the material to be learned, by both the student who is ex-
plaining the material and the student who is the recipient 
of the explanation. In addition, evidence supports the view 
that conceptual conflict arises during discussion, causing 
students to examine their own understanding of information 
and to seek resolution of conflicting viewpoints (Dickson 
& Vereen, 1983). 
Social Benefits of Cooperative Learning Groups 
Cooperative learning groups initially were used with 
mildy handicapped learners to facilitate positive child-child 
social interactions and to increase opportunities for social 
learning. Cooperative groups also have been shown to be 
an effective strategy for improving social acceptance of 
handicapped learners in recreational activities (Johnson, 
Rynders, Johnson, Schmidt, & Haider, 1979; Martino & 
Johnson, 1979) and in mainstreamed classrooms (Ballard, 
Corman, Gottlieb, & Kaufman, 1977; Cooper, Johnson, 
Johnson, & Wilderson, 1980; Johnson & Johnson, 1982; 
Slavin et al., 1984). 
Several conceptual models attempt to explain the positive 
interpersonal relationships that develop within cooperative 
groups (e.g., Johnson & Johnson, 1980; Slavin, 1983). In 
these models the group task structure and group reward are 
hypothesized to lead to increased contact and to a sense of 
similarity among group members. In addition, an indi-
vidual's ability to complete a task and receive a reward may 
be facilitated through the efforts of other group members. 
These group efforts generate positive feelings, which in tum 
lead to improved social interactions. 
From this brief description of cooperative learning, evi-
dence clearly points to both academic and social benefits in 
grouping children for instruction. Limited information 
exists, however, on what benefits accrue when mildly hand-
icapped learners and their nonhandicapped peers work to-
gether to solve problems at a microcomputer. 
Variations in Group Structure and Microcomputer 
Effects 
Researchers from Project TEECh (Lieber & Semmel, 
1986) compared the microcomputer performance of children 
as a function of instructional group size and configuration. 
The research focused on effects of these contexts on 
academic and social outcomes for mildly handicapped learn-
ers. Participants in the study were 20 learning handicapped 
and 20 nonhandicapped boys from the upper elementary 
grades, who· used a mathematics problem-solving software 
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program entitled Teasers by Tobbs (O'Brien, 1984). The 
program requires that students solve addition problems to 
complete a 2 x 2 matrix. At the simplest level pupils solve 
for a sum: a + b = ? . At the intermediate levels they are 
required to find a missing addend: a + ? = c. At the most 
difficult level the matrix takes the form of an open equation: 
? + ? = ?. 
Each participant worked at the computer for 4 weeks 
under three different group configurations each week: (a) 
individually, (b) with a handicapped partner, and ( c) with 
a nonhandicapped partner. Time at the computer was held 
constant; each computer session lasted 10 minutes. There-
fore, children working alone at the computer had 10 minutes 
to perform the problem-solving task; children working with 
a partner shared the computer for the IO-minute session. 
Math Problem-Solving and the Microcomputer Task 
Academic performance was gauged using formative and 
summative measures. One formative measure was number 
of problems attempted on the computer, which was used as 
a proxy measure for task engagement. Learners were found 
to perform a similar number of problems per minute whether 
they worked by themselves or with a partner performing 
alternate problems. Inspection of the data revealed that learn-
ing handicapped students were most highly engaged when 
paired with a nonhandicapped partner but nonhandicapped 
children worked most efficiently alone. 
Results from both computer and paper-and-pencil perfor-
mance showed overall that learning handicapped and 
nonhandicapped children performed equally well regardless 
of whether they worked alone or with a peer partner. This, 
finding is particularly important to note because children 
working with a partner had half the actual contact with the 
computer as children working alone. 
Lieber and Semmel (1986) reported data indicating that 
learning handicapped children may have performed opti-
mally when they were paired with nonhandicapped partners. 
For example, on the paper-and-pencil task at the most dif-
ficult level, learning handicapped children averaged 6.89 
problems correct (of 12) following the computer session in 
which they worked alone and 8.26 problems correct follow-
ing the computer session in which they worked with a 
nonhandicapped partner. On the computer task at the most 
difficult level, the learning handicapped children correctly 
solved 49% of the problems that they attempted when they 
worked alone and 63% when they worked with a nonhan-
dicapped partner. 
Social Processes During Microcomputer Sessions 
In addition to the academic benefits that accrued when 
children were grouped for instruction, Lieber and Semmel 
(1986) reported social benefits. In general, when children 
worked together at the microcomputer, most conversation 
was specific to the task. In fact, the proportion of off-task 
statements ranged from only 3% to 7% across dyads. A 
similarly high level of attention to task for handicapped 
children using computers has been observed in other inves-
tigations (Berthold & Sachs, 1974; Carman & Kosberg, 
1982; Cosden et al., in press). 
When learning handicapped children were paired with 
nonhandicapped children, the role of "teacher" was attri-
buted mainly to the nonhandicapped partner. In this config-
uration learning handicapped children made more requests 
for information and solved more problems out loud. Further, 
the nonhandicapped children made more management com-
i men ts when paired with a learning handicapped partner. 
Management comments were made both to regulate the gen-
eral behavior of the learning handicapped child and to make 
pacing comments related to the task. Lieber and Semmel 
(1986) described the tone within the dyads as task-oriented, 
since most of the conversation related to problem solving 
or to the computer. When evaluative comments did occur, 
the majority of them pertained to the task rather than to the 
children themselves. Self-evaluation statements were largely 
positive. Although peer-evaluation statements were largely 
negative, they occurred infrequently. 
Apart from the task-related conversation, most communi-
cation that occurred within dyads was related to the computer 
and to the software program's graphics. Even in dyads in 
which children solved problems independently, they com-
municated about the graphics. The combination of coopera-
tive activity, in which the efforts of one child were linked 
to the efforts of the partner, and the enthusiasm generated 
by the computer program appeared to create dyads in which 
the tone was generally positive. 
In summary, the Lieber and Semmel (1986) study 
suggested that a pair of children working together at the 
microcomputer to solve mathematics problems is a beneficial 
configuration. Positive academic as well as social outcomes 
accrue. 
Problem Solving in Cooperative and Didactic Groups 
The strategy of grouping for instruction and its effects on 
problem-solving behavior of mildly handicapped children 
also was investigated by Riel (1983), using a different 
paradigm. She used several microcomputer games designed 
to improve numerical estimation, auditory perception, and 
logical inference to compare the linguistic performance, so-
cial skills, and problem-solving strategies of eight nonhan-
dicapped and eight dysphasic children between 8 and 12 
years old. Riel defined dysphasic children as those with a 
"testing profile which demonstrated a language problem or 
delay that was disproportionate with their other skills" (pp. 
1-2). The students worked in homogenous pairs on the com-
puter games in both cooperative and didactic sessions. 
Riel found that all students enjoyed playing the games 
and interacting with the computer; they understood the pro-
cedures required and generally followed the instructions. 
The dysphasic students were similar to the nonhandicapped 
students in average number of words they used and average 
length of communication units used. Both groups were 
equally likely to ignore questions from the partners as to 
answer them correctly. 
Nevertheless, the groups differed considerably. In the 
didactic situation the dysphasic children spent less time than 
the nonhandicapped tutors providing their partners with 
information about how to play the game. In the cooperative 
situation the groups divided tasks differently: The dysphasic 
pairs took turns playing the game while the normally achiev-
ing pairs were more likely to divide up the tasks and work 
jointly. The children also solved problems differently: Dys-
phasic students were highly dependent on adults; they turned 
to an adult first and rarely requested help either from the 
computer or from their partner while the nonhandicapped 
students turned first to the computer, then to the peer, and 
finally to an adult. Dysphasic children also frequently began 
the games without instruction and did not move to an easier 
level when the game they were playing was too difficult. 
These behaviors were infrequent for nonhandicapped chil-
dren. 
In a second study, Riel (1983) attempted to remediate 
some of the difficulties of the dysphasic children. She de-
signed a training paradigm in which the computer was used 
to demonstrate steps that the student could use to frame the 
problem efficiently. The problem-framing structure then was 
withdrawn systematically when the child demonstrated abil-
ity to perform the problem-solving skills alone. Two transfer 
tasks then were used to determine the effect of the training 
study: teaching the game to a younger student, and playing 
a new game. 
Following the training, the dysphasic children moved in 
the direction of the nonhandicapped students in a number 
of ways: (a) in problem solving they chose game levels that 
were more appropriate for their skills; (b) numerically they 
increased their skills in counting, in numerical comparisons, 
and in making number-line midpoint assessments; (c) so-
cially the individual, competitive orientation to game playing 
exhibited in the first study was replaced by more cooperation; 
and ( d) linguistically, the dysphasic students who partici-
pated in the training study spent more time in teaching and 
increased the number of words they used per communication 
unit. 
The importance of training children to provide appropriate 
instruction was evident in the studies of both Lieber and 
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Semmel _(1986) and Riel (1983). Lieber and Semmel found 
that extensive instructional activity occurred within the 
dyads but that teaching behavior was not associated with 
improved performance. Most of the teaching that occurred 
took the form of providing answers to questions rather than 
responding with an explanation of how to do the task. Re-
ceiving only an answer apparently did not give learners 
enough information to solve the problems for themselves. 
In contrast, the dysphasic students in Riel's second study 
received training in problem-framing strategies delivered 
through a computer program. They were able to use this 
minimal training to more effectively teach game-playing 
behavior to younger partners. Most commercial software 
programs, however, do not have the capability to provide 
that type of assistance to the learner. For example, the com-
mercial program (O'Brien, 1984) used by Lieber and Sem-
mel provided help if requested, but this help was in the 
form of a correct answer. The computer help was similar 
to that provided by many partners and was similarly ineffec-
tive in improving performance on the paper-and-pencil task. 
Clearly, further investigation is required to determine if 
training is a necessary link to effective problem solving for 
handicapped learners. 
Riel concluded that the micromputer provided a valuable 
educational context in several regards. She found that com-
puters were motivating; that children were drawn into the 
game worlds that were created; computers were useful in 
providing an environment in which children with varying 
ability levels could interact in a beneficial way; and com-
puters encouraged rather than inhibited interaction. 
In a conclusion similar to that drawn by Lieber and Sem-
mel (1986), Riel suggested that when children work together 
at the computer, pairing a handicapped child with a nonhan-
dicapped child is most effective. When children with lan-
guage difficulties were grouped together, they were continu-
ally exposed to deviant language. In fact, Riel found similar 
errors occurring in the speech of different children. Simi-
larly, Lieber and Semmel found that when learning hand-
icapped children were grouped in homogeneous dyads, they 
shared misinformation about how to solve particular mat-
rices. Those difficulties were eliminated when learning 
handicapped children were paired with competent nonhan-
dicapped partners. Additionally, Riel argued that the fre-
quently demonstrated dependence of mildly handicapped 
childen on adult help (see Seligman, 1975, for a discussion 
of learned helplessness) can be attenuated by having a more 
competent peer available for consultation. 
We conclude that substantial empirical evidence exists, 
based on the studies reviewed, that grouping children to 
work together on problem-solving activities leads to effec-
tive academic and social outcomes. Academic performance 
is facilitated for handicapped learners when they work with 
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a partner rather than alone. Training in group instructional 
behavior likely will maximize outcomes. We need further 
investigation, however, to determine how larger group sizes 
affect performance. One study (Cox & Berger, 1985), using 
normally achieving children, found a curvilinear relationship 
between group size and correct problem solving: Individuals 
solved significantly fewer problems than did groups, but 
groups of two or three tended to solve more problems with 
greater consistency than did teams of five. Moreover, groups 
working around a microcomputer have space limitations that 
do not affect non-computer groups. 
In considering optimum group size, we must take into 
account that the group benefits from several points of view 
but that interest in the task is facilitated when each student 
has access to the computer. In addition, to have children 
perform problem-solving tasks in cooperative groups at the 
computer clearly is beneficial socially. When children work 
in groups, helpfulness (with its concomitant link to social 
acceptance) is shown, engagement remains high because 
children keep each other on-task, and task-related discussion 
occurs. Those experiences are unavailable to students who 
work alone at the computer. 
IMPLICATIONS FOR CONSTRUCTING 
EFFECTIVE MICROEDUCATIONAL 
ENVIRONMENTS 
At the outset we briefly alluded to a model for guiding 
research directed at determining the effects of microcompu-
ter applications with mildly handicapped children in the 
schools. The model focuses, at the classroom level, on 
analysis and development of variable clusters constituting 
what M. Semmel et al. (1983) have referred to as MicroEdu-
cational Environments. To understand the effects of micro-
computer applications in the schools, we assert that to answer 
important impact questions using simplistic comparative de-
signs is unproductive. The configurations of hardware, 
software, user, peer group, and teacher characteristics that 
interact to present unique MEEs must be studied. The ulti-
mate task is to identify MEEs that maximize specific instruc-
tional objectives for mildly handicapped learners. This ap-
proach is consistent with a framework developed by Wink-
ler, Shavelson, Stasz, Robyn and Feibel (1985) for evaluat-
ing the pedagogically sound use of microcomputers. One 
measure of soundness provided by the Winkler et al. 
framework is the achievement of teachers' instructional 
goals, which may be academic, motivational, or social. 
Use of an unembellished drill-and-practice mathematics 
. program meets teachers' goals both for increasing rapid, 
correct performance and for maintaining task motivation. 
Its use leads to automaticity in children who are distracted 
easily by extraneous auditory and visual elements contained 
within arcade-like drill-and-practice programs. Students also 
are highly motivated to perform the tasks presented by the 
Plain Vanilla (Christensen, 1985) software program, as evi-
denced by their involvement and persistence. These tasks, 
which stress automaticity, have no requirements for discus-
sion with a peer. This task probably is most efficiently 
accomplished alone; thus, it may not be the best choice to 
promote social goals. It must remain an empirical question 
that has not as yet been studied. 
We propose that working together at the computer in a 
problem-solving task or game facilitates social goals that 
are particularly crucial for handicapped children who, as a 
group, are not well-accepted by their nonhandicapped peers 
(Bruininks, 1978; Bryan, 1974). Although teachers in 
mainstream classrooms may have a tendency to group hand-
icapped children together, work emanating from Project 
TEECh and elsewhere indicates that benefits accrue when 
handicapped children work together with their nonhandicap-
ped peers. 
When children are grouped to apply higher order cognitive 
skills, teachers' goals for academic progress are ac-
complished as well. Having another child present allows 
questions to be answered and hypotheses about the most 
effective strategy for problem solving to be discussed. Learn-
ing within a group appears to be effective when material is 
in the acquisition stage. 
Although we are witnessing a remarkable rate of growth 
in acquisition of technology in schools, relatively few com-
puters currently are available when compared to instructional 
demands. Student use of microcomputers in elementary 
schools is curtailed by limited access and time allocation. 
Hence, teachers are required to use these limited resources 
in the most efficient and effective manner. 
The issue of effectiveness is complex, but it can be ap-
proached as a joint problem for teachers and researchers. 
Evidence presented in this article, drawn from the empirical 
literature and extensive study by the Project TEECh research 
teams, suggests that teachers' goals are more likely to be 
achieved when specified software characteristics and group-
ing configurations are selected or developed to achieve in-
structional objectives for learners with specified attributes. 
The notions of person-by-environment fit (Hunt, 1975) and 
aptitude X treatment interaction (Cronbach & Snow, 1977) 
are instructional strategies well worth pursuing in the context 
of the microcomputer revolution in the schools. 
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